Background: The risk factors that characterize metabolic syndrome (MetS) may be present in childhood and adolescence, increasing the risk of cardiovascular disease in adulthood.
Introduction
Metabolic syndrome (MetS) is characterized by a set of cardiometabolic risk factors that include abdominal obesity, hypertension, hypertriglyceridemia, hyperglycemia and decreased serum concentration of high-density lipoprotein cholesterol (HDL-c) 1, 2 . There is a strong association between MetS and other metabolic variables which may be precursors of the syndrome, such as insulin resistance (IR), overweight and obesity 3, 4 . In children and adolescents, MetS is a controversial and still inconclusive topic, mainly due to lack of unified criteria regarding the variables that characterize the syndrome and the cut-off values of these variables. In addition, the definition of MetS, as described in an elegant review by Damiani et al. 5 , does not necessarily identify which components are abnormal in the individual to allow a better treatment. In any case, there is a consensus that the identification of MetS in children and adolescents indicates without any doubt the presence of a set of factors and/or clinical and metabolic variables that increase the risk of development of type 2 diabetes mellitus and cardiovascular diseases (CVDs) 5 .
The prevalence of MetS in this population is growing in parallel to the increase in juvenile obesity 6 . According to systematic reviews, the prevalence of MetS in a general population of children and adolescents worldwide 7 and in Brazil 8 is 3.3% (0-19.2%) and 11.9% (2.8-29.3%), respectively, and in children with overweight and obesity, the prevalence is 29.2% (10-66%). Overall, the prevalence of IR is not well established. However, in overweight 8 and obese 8, 9 children and adolescents, the prevalence of IR ranges from 0 to 24% and 4.4 to 57%, respectively. Based on the results of more recent studies, 33.2% 10 and 41.3% 11 of obese children and adolescents have IR.
The several risk factors of the syndrome when present during childhood can persist or become more evident from adolescence to adulthood 12 . Thus, it is important to identify these risk factors early to intervene and minimize future metabolic changes. Therefore, the aim of this study was to verify the prevalence of MetS in students in Guabiruba-SC, as well as the prevalence of IR, obesity and overweight and the association of each of these variables with the development of the syndrome.
Methods
Cross-sectional study with 1011 students self-reported Caucasians, attending elementary school (1st to 8th grades), aged between six and 14 years and representing 44.0% of the students enrolled in municipal and state schools in the city of Guabiruba-SC (Brazil) in 2009. All 12 schools in the city were represented in this study and each had participation of 21 to 100% of their students. The minimum sample size required to detect statistically significant differences (α < 0.05) was calculated considering a power of 80% (1 -β) and a prevalence of abdominal obesity of 26 . Results > 1 and 2 standard deviations (SDs) above the BMI-for-age z-score were defined as overweight and obesity, respectively 17 .
Waist circumference (WC) was determined at the narrowest measurement between the lower rib and the upper border of the iliac crest with a flexible and inelastic measuring tape, as described by Taylor et al. 18 . Blood pressure (BP) was measured by oscillometry with a cuff and a sphygmomanometer according to the I Guideline for Prevention of Atherosclerosis in Childhood and Adolescence 16 .
The criteria used for diagnosis of MetS were those described by the National Cholesterol Education Program Adult 18 , TG ≥ 100.0 mg/dL, HDL-c ≤ 45.0 mg/dL, fasting glucose ≥ 100.0 mg/dL, and BP ≥ 90 percentile for gender, age and height.
Statistical analysis
Categorical results are presented as absolute frequency and percentage, and quantitative results as median and interquartile range. We used the chi-square test (χ 2 ) to detect differences in prevalence between students with and without MetS, boys and girls, and children and adolescents. Quantitative differences between the groups were detected by the Mann-Whitney test after application of the Kolmogorov-Smirnov normality test. Multivariate logistic regression estimated the effect of the independent variables gender, age, IR, overweight and obesity in the clinical outcome of interest (concomitant presentation of at least three factors consistent with MetS). Adjusted odds ratio (aOR) with a 95% confidence interval (95% CI) was used to estimate this association. The adequacy of the model was analyzed by the chi-square and Hosmer-Lemeshow tests, and by the area under the ROC curve 19 . All analyses were performed with MedCalc ® Statistical Software, version 14.12.0 (MedCalc Software, Ostend, Belgium), and p values < 0.05 were considered statistically significant.
Results
A total of 1011 Caucasian, volunteering students participated in the study, 52.4% of which were girls, 58.5% children and 41.5% adolescents. The results of the biochemical, anthropometric and clinical characteristics of the cohort are shown in Table 1 . The overall prevalence of MetS was 14.1%, whereas the prevalence of overweight, obesity and IR were 21.1%, 13.2% and 8.5%, respectively. However, in students with MetS these prevalences increased to 32.9%, 45.5% and 27.0%, respectively (p ≤ 0.0003). As expected, students with MetS had lower serum concentrations of HDL-c and higher concentrations of TG, glucose and insulin, in addition to increase in WC, systolic and diastolic BP and HOMA-IR index when compared with those without MetS (p < 0.0001). In contrast, there were no differences in CT and LDL-c ( Table 1 ).
The prevalence of MetS was similar in boys and girls (Table 2 ), but was higher in adolescents (19.1%) when compared with children (10.6%; p < 0.0001; Table 3 ). In general, the most frequent components of MetS and its associated variables were, in descending order, low HDL-c (91.6%), abdominal obesity (85.3%), hypertriglyceridemia (76.9%) obesity (45.5%), high BP (46.1%), hyperglycemia (35.7%), overweight (32.9%) and IR (27.0%). There was no difference between genders or between children and adolescents, with the exception of obesity and IR which were more frequent, respectively, in boys and girls (Table 2) , high BP and IR, which were more common in adolescents, and obesity, which was more prevalent in children (Table 3) . In students without MetS, the prevalences of hyperglycemia and high BP were higher in boys, whereas increased WC and IR were more frequent in girls. As for age, the prevalence of low HDL-c (32.7%), hyperglycemia (10.9%), increased BP (10.6%) and IR (10.3%) were higher in adolescents when compared with children (Table 3) .
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Arq Bras Cardiol. 2015; 105(1): [37] [38] [39] [40] [41] [42] [43] [44] The prevalence of several MetS components present simultaneously in students with and without MetS is presented in Table 4 . Among children and adolescents with MetS, 68.5%, 27.3% and 4.2% showed three, four and all five metabolic variables of the syndrome, respectively, without significant differences between boys and girls. Among the 27 students with MetS and IR, 12 (44.4%) had three abnormal variables for MetS, whereas 12 (44.4%) and three (11.1%) students had four and five abnormal variables, respectively. In children and adolescents without MetS, 38.2% and 22.3% had one or two abnormal MetS variables, respectively, with 46.7% and 26.7% of these, respectively, presenting IR (Table 4 ).
The general prevalence of IR was not associated with the nutritional status of the cohort, with 38.6% of the eutrophic, 35.1% of the overweight and 24.6% of the obese students showing IR (p = 0.1597; Table 5 ). However, after stratification of the prevalence of IR according to the occurrence of MetS and nutritional status, there was a higher proportion of overweight (48.1%) and obese (40.7%) students with MetS and IR compared with eutrophic students (11.1%, p = 0.034). In students without MetS, in contrast, IR was more common in eutrophic individuals (63.3%) than in those with overweight (23.3%) or obesity (10.0%, p = 0.0001; Table 5 ).
Results of aOR obtained by multivariate logistic regression analysis are shown in Table 6 . The prediction of MetS in the children and adolescents evaluated in the study was significantly increased for age (aOR 1.15; p = 0.0142), IR (aOR, 4.39; p = 0.0001), overweight (aOR 6.09; p < 0.0001), and, mainly, obesity (aOR 32.68; p < 0.0001). In a logistic regression model adjusted for gender and considering the HOMA-IR index as an independent variable, the increase in each HOMA-IR unit was associated with MetS, with an OR of 1.25 (95% CI 1.09-1.44; p = 0.0220).
Discussion
The occurrence of MetS in children and adolescents must be identified early to allow risk stratification of future cardiovascular events 1 . In the present study, 14.1% of the students assessed in the city of Guabiruba-SC were diagnosed with MetS, especially those with overweight or obesity, IR and adolescents. It is worth mentioning that among patients with MetS, 22% were eutrophic. Compared with other Brazilian studies that used identical classification criteria, the prevalence of MetS found in our cohort was higher than that observed in Maracaí-SP (3.6%) 20 , but lower than those described in Salvador-BA (17.7%) 21 and Feira de Santana-BA (22.6%) 22 , probably due to the different proportions of obese individuals in each of these cohorts.
MetS in children and adolescents is becoming a global public health concern 23 . This syndrome has a complex and multifactorial etiology and the control of its modifiable risk factors during the prenatal period and/or childhood may have a long-term effect on the prevention of chronic degenerative diseases, including CVDs. Considering the growing evidence on the progression of risk factors from childhood to adulthood, the potential role of genetic, prenatal, environmental, biological and behavioral determinants on childhood MetS should be emphasized 24, 25 . In this context, MetS in children is related mainly to "globesity", a term used by WHO to emphasize the increasing global epidemic of juvenile overweight and obesity. In the present study conducted with children and adolescents in a semirural city in Santa Catarina, we found a high prevalence of students with overweight (21%) and obesity (13%), with great chance of developing MetS (6.1 and 32.7 times, respectively). Among students with MetS, 33% were overweight and 45.5% were obese. Similar results were reported in obese children and adolescents in Maracaí-SP 20 , obese adolescents in Porto Alegre-RS 26 and in three cities in Paraná 27 . In obese children in Taguatinga-DF, the prevalence of MetS was 16.7% 28 .
It is common knowledge that obesity in children and adolescents is associated with the occurrence of other components of MetS and IR 29 . Similarly, there is a strong association between IR and MetS or cardiometabolic risk variables 10, 11, 28 . In this study, 35% and 25% of the students with overweight and obesity, respectively, were resistant to insulin. IR has been considered a potential cardiovascular risk marker 10, 11 and was present in 33% and 41% of the obese adolescents treated at a specialized outpatient clinic in Osasco-SP 10 and by the Unified Health System in Campina Grande-PB 11 , respectively, 39.4% of the obese children and adolescents evaluated in Bolivia 30 and 7.7% of the obese children (3-5 years) evaluated in northern Netherlands 31 . In our study, IR had an overall prevalence of 8.5% in the evaluated cohort, and was present mainly in girls and adolescents. In students with MetS, the prevalence of IR increased to 27%, mainly in overweight (48%) and obese (41%) individuals, and was also more frequent in girls (39%) and adolescents (44%), thus confirming the association with overweight and some hormonal influence 28, [32] [33] [34] [35] . On logistic regression analysis in our study, IR was associated with MetS (aOR = 4.4), with a 25% increase in the risk of MetS (aOR = 1.25) for each HOMA-IR unit increase. In general, our results corroborate the findings of Medeiros et al. 11 , who reported that girls and adolescents with MetS and IR had a high risk of presenting MetS components . Other Brazilian authors also reported important and significant associations between IR and several clinical and metabolic abnormalities compatible with MetS in obese adolescents 10 and children 28, 36, 37 .
According to Bradshaw et al. 38 , a substantial number of children and adolescents has some of the MetS components. In fact, our results are a cause of concern and deserve attention, as 38% and 22% of the students without MetS had one or two components of the syndrome. Furthermore, 29% of these individuals had low HDL-c, 21% had abdominal obesity -which represents a greater risk for CVDs 39 -and 63% were resistant to insulin, indicating a high percentage of young individuals with high probability of future worsening in cardiometabolic risks. In students with MetS, there was also a high proportion of individuals with up to four components of the syndrome (27%), 44% of which were IR. It also draws attention the fact that 4.2% of the students had five metabolic abnormalities including IR, which is unusual in children and adolescents. In general, these results are comparable to those of other Brazilian studies 10, 11, 26, 36, 40 . The variables of greatest frequency were low HDL-c, abdominal obesity, hypertriglyceridemia and high BP, with prevalences of 92%, 85%, 77% and 46%, respectively. It is worth noting that in obese children 31 and adolescents 26 , high BP tends to be more prevalent than lipid abnormalities.
Since this study has a cross-sectional design, it has limitations in defining temporal causal relationships. In addition to that, the fact that these results cannot be extrapolated to the general population of children and adolescents in the city of Guabiruba-SC may also be considered a limitation. Other limitations include the absence of insulin measurement in all students, lack of evaluation of eating habits, physical activity level and extent of pubertal maturation, and absence of family history for cardiovascular disease, obesity and diabetes mellitus.
Conclusions
In summary, the population of children and adolescents who participated in the present study showed a high prevalence of MetS, particularly students with obesity or overweight, those with IR and adolescents. Low HDL-c was the most frequent component of the syndrome, followed by abdominal obesity and hypertriglyceridemia. Furthermore, we confirmed that obesity, overweight, IR and age were the associated variables most frequently associated with MetS.
